The small -scale fishery in Antsiranana Bay, northern Madagascar, constitutes a very active industry with fishers using multiple methods based on traditional techniques. In this first study of the fishing activities in Antsiranana Bay, two villages were surveyed, both through direct observation and by means of interviews with local fishers. Antsisikala is a small zebu -farming village whose inhabitants supplement their income through small -scale fishing, whereas Ramena is primarily a fishing village that also caters for tourism. Our results show that fishers from both villages target multiple species of reef associated fish as well as invertebrates, and use a variety of fishing gears including hook and line, gill nets, beach seine nets, spearguns and traps. There were significant differences in the types of Pour être efficace, ce plan de gestion devra veiller à considérer les particularités propres des différents types de pêche.
fishing gear preferentially used and catch sizes between the two villages, as well as in opinions regarding possible measures to utilise the marine resources more sustainably. We therefore stress the importance of understanding the local differences between small-scale fisheries and their impacts on the reef in order to design more effective management strategies. 
RÉSUMÉ

INTRODUCTION
Despite their perceived abundance, aquatic resources are limited and need appropriate management to ensure that they are utilised in a sustainable manner (Pauly 2008) . Fishing is widely recognised as having a major influence on marine ecosystems throughout the world. It is well documented that industrial fishing causes serious habitat degradation through benthic dredging and trawling (Thrush and Dayton 2002) , as well as overexploitation of species (Pauly et al. 2005) . Traditional, artisanal and small -scale fisheries, by contrast, are generally considered to be less of a threat to marine ecosystems and tend to be associated with relatively low environmental impacts (Hawkins and Roberts 2004) . Defining the terms traditional, artisanal and small -scale fisheries can be difficult due to geographical variations in the characteristics of a fishery (Mathew 2002) : these types of fisheries, however are typically near -shore and utilised by fishers using relatively small -sized vessels and labour intensive methods with little or no modern technology (Sowman 2006 , FAO 2009 ), as well as a variety of fishing techniques to target multiple species (Allison and Ellis 2001) . In developing countries, fishing in small -scale fisheries is often part of a complex of livelihood activities, which may include agriculture and other part-time occupations (Jentoft 2000) . In
Madagascar the term artisanal fisheries refers to numerous motorized boats fishing for domestic and international markets, while the term traditional or small -scale fisheries refers to non -motorized, kinship -based fishing for subsistence or for local markets, undertaken by fishers who respect local customs and taboos (Mathew 2002) .
In some parts of the Pacific, small -scale fisheries have been documented to have no significant impact on the state of coral reef ecosystems despite the fact that they have existed over the last thousand years (Dalzell 1998) . Numerous other studies worldwide, however, have highlighted the negative impacts small -scale fisheries can have on reef systems (Mumby et al. 2006 , Newton et al. 2007 , Lokrantz et al. 2009 ). These detrimental effects are often associated with an increase in neighbouring human population densities, as well as climate change (Aronson and Precht 2006, Clark 2006) . Documented impacts include reduced fish biomass of target species, high vulnerability to low intensity fishing in high trophic level families such as groupers and snappers, high vulnerability to fishing of large bodied fish (Hawkins and Roberts 2004) , loss of species diversity (McClanahan et al. 2008 ) and the complete elimination of species from reef areas leading to ecosystem collapse (Hardt 2009 ). In the case of traditional forms of marine resource use, overexploitation can result in irreversible economic, social and cultural loss to fishing communities (Agardy 2000) .
Over the last few centuries, only a few modifications to fishing methods have been implemented in small -scale fisheries across the world. The introduction of motorised boats and modern materials, such as monofilament nylon lines and artificial bait, constitute the main changes (Hawkins and Roberts 2004) . What has changed, however, is the number of people supported by these fisheries and, driven by ever -growing coastal populations, the number of small -scale fisheries in developing countries has increased significantly in recent years (Iida 2005 , Béné 2006 ). This has put further pressure on ecosystems that are already at risk from anthropogenic and environmental impacts.
Coral reefs support small -scale fisheries and provide an important source of protein for local communities in many developing countries worldwide (Sadovy 2005) , with coral reef fisheries contributing about two to five percent of global catches (Pauly et al. 2002 ). An estimated annual yield of between five and 15 tons of fish and seafood per square kilometre per year can be harvested from a healthy, well -managed reef (Spalding et al. 2001) amounting to a total global annual yield of 1.4 to 4.2 million tons (Pauly et al. 2002) .
Madagascar's coral reefs are rich and diverse marine ecosystems with an estimated 6,000 reef -associated species, including 752 fish species and 340 coral species (McKenna and Allen 2003) . These ecosystems support multiple fisheries around the country with an estimated 43 % of all fisheries per year (or 65,090 tons) being based on coral reefs (FAO 1999) . As in many developing countries of the world, fishing constitutes an important source of food in Madagascar and to a lesser extent a source of income (Westmacott et al. 2000) .
Antsiranana Bay, situated in the far north of Madagascar, comprises numerous sub -bays, which present a range of tropical coastal habitats including coral reef, seagrass and mangrove (Browne et al. 2007 ). These diverse habitats constitute an important natural resource for neighbouring villages. Due to a range of natural and anthropogenic factors, the bay exhibits variation in the condition of its reefs in terms of coral cover, fish diversity and fish biomass (Browne et al. 2007) . The bay has a thriving small -scale fishing industry about which very little is known (Bigot et al. 2000) , based on the daily use of fishing methods combining traditional techniques with modern materials.
This study focuses on two villages on opposite sides of the bay. The aim of the study was to use these two villages to assess the state of the fishery in Antsiranana Bay and identify trends or differences in the fishing techniques used as well as the opinion of local fishers towards resource use. The research was carried out to provide information for future resource management and conservation strategies, which take into account trends and differences between local fisheries in the bay. The hook and line (manjono tadim-bintana) method is employed by all types of fishers from the village; lone fishers, fishers who work in a pair and groups of three to six fishers. Lone fishers typically use a wooden dugout canoe (pirogue) approximately two to 2.5 m in length, powered by a small sail made from rice sacks and / or a wooden oar. One pair of fishers uses a pirogue approximately three to four metres in length, powered by a small sail made from rice sacks and / or a wooden oar and / or five horsepower outboard. Groups of three to six fishers use large wooden boats approximately six metres in length powered by outboard engines ranging in horsepower between five and 25, used in combination with a large sail made from thick cotton. For all three groups of fishers, fishing activity was observed to occur during the day and night using this method.
Fishing is typically carried out over a reef or on the reef edge Three to four men with snorkelling equipment swim or stand in the water around the net, aggressively hitting the surface of the water to herd the fish into the net. This process lasts for approximately one hour, with as many as eighteen people assisting to pull in the net. Beach seine nets are commonly modified, constructed from many pieces of different nylon nets with mesh sizes ranging from one to three centimetres, which tapers towards the back of the net, ending in a mesh size as small as one centimetre. The catch is dumped on the sand, sorted into species, placed into plastic baskets and washed. The fish species caught belonged to the following families: Clupeidae, Sphyraenidae, Lethrinidae, Siganidae, Hemirhamphidae, Fistulariidae, Tetraodontidae, Ostraciidae and Labridae. Discarded fish occasionally included pufferfish (Tetraodontidae), cowfish (Ostraciidae), cornetfish (Fistularia spp.), three -ribbon wrasse (Stethojulis trilineata) and striped catfish (Plotosus lineatus); these were left on the beach or in the case of striped catfish, placed in a hole in the sand and covered to prevent accidental injury caused by touching the venomous pectoral and dorsal spines. Fishing traps were seen stacked on the beach; however, no observations of the fishers deploying them were made.
Guides on tourist boats within the bay were observed on three occasions attempting opportunistic fishing with spearguns.
Although fishers listed use of hook and line or gill nets as fishing methods during the interviews, none of these were observed.
FISHING AREAS. The area around Ramena had the largest number of fishing vessels present per survey, suggesting a very high fishing pressure at this site in relation to its small area (2.02 km 2 ). Sectors 0, 4, 5 and Nosy Langoro also showed a relatively high number of fishing vessels, although not as high as in the sector surrounding Ramena (Supplementary Material S1). Nosy Langoro showed the highest level of fishing pressure relative to its size (0.01 km 2 ). FISHER INTERVIEWS. The percentage of fishers responding to each question was calculated using the total number of responses given (n represents the total number of responses, not the number of respondents). Fishers from Antsisikala had an average age of 39, with the majority being married (70 % ; n=21) with an average of three children.
Eighty -five percent stated fishing (n=21) as their main occupa--five percent stated fishing (n=21) as their main occupa--five percent stated fishing (n=21) from fisher to fisher and included the following: not offending the ancestors; not cursing while fishing; not fishing at night; not using lights at night to fish; not banging the water; and not using metal in the water.
ENVIRONMENTAL AWARENESS. In order to determine the level of environmental awareness towards the use of marine resources within the bay, fishers were asked to give their opinion on how best to ensure the availability of marine resources for future generations. These suggestions were provided to also gain an idea of their opinion on potential conservation and resource management strategies. The responses to these questions were very diverse ( 
DISCUSSION
Antsiranana Bay provides essential marine resources for the two coastal communities studied, whose incomes depend heavily on fishing for both commercial and non -commercial gain. Since local roads are poorly maintained, the water also provides an important means of transporting for both people and goods, such as livestock and fish, between local villages and the main port of Antsiranana. The different uses of marine resources in the bay are representative of many other coastal areas in Madagascar (Laroche et al. 1997 , Billé and Mermet 2002 , Rakotoson and Tanner 2006 where the assemblages over reefs contain a variety of families (Choat and Robertson 2006) . The choices of fishers to target particular species could have wider implications for future fisheries management, as repeatedly targeting the same species can result in numerous associated environmental impacts in the context of overfishing (Hawkins and Roberts 2004, Lokrantz et al. 2009 ).
Fishing equipment often determines which species of non -target reef species could be dramatically reduced (Gray et al. 2000) . Based on the behavioural responses of fish in seine nets, the addition of these panels provides undersized or slow moving fish an alternative clear passage to entering the net mouth as fish naturally swim towards areas of the net with higher light levels (Gray et al. 2000) .
By -catch on coral reefs is commonly associated with a decline in ecosystem function caused by the removal of fish, leading to cascading effects on the composition, biomass and density of other reef fish species (Hall et al. 2000) . The use of non -selective equipment such as gill nets, beach seine nets and traps, particularly when modified to have small mesh sizes as in the case of the beach seine nets used in Ramena, is widely recognised as having negative impacts on coral reef ecosystems Mangi 2001, 2004) . Fishers from Ramena are geographically closer to Antsiranana making it more convenient to sell their catch there on a daily basis. They also choose to sell it locally, which is likely to be supplying the growing demand from tourists in Ramena.
Fishers from Antsisikala need to travel a greater distance to sell their catch and will thus only do so when they have a surplus of fish from an unusually large catch. Further investigation is required to accurately assess the level of demand for seafood products from Antsiranana and Ramena and how it affects local fisheries within the bay.
patory role in managing their resources, as well as being able to enforce regulations and resolve conflicts between users. This study found that local beliefs and traditions (e.g., fady) are still alive in the region (e.g., Ramena). Many of these fady are specific to villages and may even differ within each village. Where practical, and particularly if they support resource management, incorporating local traditions and beliefs into prospective management strategies through using dina as its mechanism, could be a viable tool to engage local peoples to manage the marine and coastal resources of Antsiranana Bay (Rakotoson and Tanner 2006 (Davies et al. 2009 ).
The implementation of a regional environmental education programme including participatory workshops for the local communities that rely on the bay and its marine resources could raise awareness and knowledge on a number of important issues affecting marine resources within the bay. As the responses from each village regarding environmental awareness towards the use of the marine resources varied considerably, an education programme could help to raise awareness and understanding, which could in turn increase cooperation between villages making management strategies more likely to succeed. This could further provide a mechanism to help improve the sustainable use of the bay's resources and promote the development of responsible fishing, especially in villages like Ramena where fishing is more intensive and non -selective equipment is used.
Following these initiatives, community involvement will be key to the long -term conservation of Antsiranana Bay and the sustainable use of its marine resources.
The use of mesh sizes smaller than 25 mm is illegal in Madagascar (Rakotoson and Tanner 2006) (Gedamke et al. 2007 ) and in sub -Saharan Africa (Tietze et al. 2000, Machena and Moehl 2001) . The rise in fishing pressure presents a significant management issue, which needs to be addressed to ensure fish populations are safeguarded for future generations. This increase in fishers and fishing pressure is characteristic of many other coastal areas in Madagascar Ramananarivo 1995, McVean et al. 2005 ) and
beyond (Kaunda -Arara et al. 2003) .
While fishing pressure is likely to increase within the bay, with many fishers from both villages perceiving a decrease in fish catch size and abundance, the collection of baseline data on fish stocks and the monitoring of changes over time are recommended to allow the development of management strategies to use fish resources sustainably. The negative responses from
Ramena's fishers regarding how best to ensure the sustainable use of marine resources within the bay, suggest that they are more likely to show some resistance to management plans such as no -take zones, which would restrict where they are permitted to fish. Fishing in both Antsisikala and Ramena is one of the main livelihood activities, and imposing restrictions on fishing activity is therefore likely to affect both villages. Any future fisheries management plans for Antsiranana Bay will need to take into account these crucial differences between small-scale fisheries and opinions on resource use within the bay.
The investigation of fishing practices in Ramena and
Antsisikala highlighted important differences between the two villages in their fishing style, the amount of fish they catch, the type of gear they use, and the opinions on the current state of the fishery. The methods used to obtain the data for this study were limited by a number of factors such as sea conditions, time available to carry out data collection, financial resources, accessibility to fishers and their trust towards the investigators performing the research. Therefore, a flexible approach towards data collection was employed to enable information gathering whenever opportunities presented themselves. Spending more time within the community and directly with fishers would increase levels of trust between fishers and investigators to allow a more structured and systematic approach to data collection.
RECOMMENDATIONS FOR MANAGEMENT. Community -
based governance of the coastal zone and marine resources has been recommended as a management strategy by numerous studies globally and in Madagascar, to assist enforcement of regulations governing resource use (McKenna and Allen 2003 , Rakotoson and Tanner 2006 , Cinner and Aswani 2007 . In Madagascar, dina as a voluntary social code of conduct that governs relations within and between communities, has become a widely -used tool to facilitate natural resource management (Andriamalala and Gardner 2010) . Dina is a legally recognised governance tool that allows local communities to have a partici-ing on the opinion of many fishers from both villages who stated that using larger mesh size nets is a viable option for exploiting marine resources more sustainably, would help reduce by -catch and diminish the negative effects of overexploitation of fish resources (Lindholm et al. 2001 , McClanahan and Mangi 2004 , Rakotoson and Tanner 2006 . 
CONCLUSIONS
